BACKGROUND: The frequency of dengue outbreak is increasing in Southeast Asian countries these days and since there are no specific drugs against the dengue virus; therefore, treatment consists of mainly symptomatic and supportive care.
Introduction

D
engue virus is a single-stranded positive polarity ribonucleic acid virus of Flaviviridae family and it is one of the most common causes of arboviral disease throughout the world. Dengue fever (DF)/dengue hemorrhagic fever (DHF)/dengue shock syndrome (DSS) is caused by one of the four closely related but antigenically distinct virus serotypes (DEN1, DEN2, DEN3, and DEN4), and therefore, infection with one of these serotypes does not provide cross-immunity; hence, persons living in a dengue-endemic area can have four different dengue infections during their lifetime. [1] These days, the frequency of dengue outbreak is increasing in Southeast Asian Region and its contributory factors are population growth, urbanization, inadequate water management, and lack of effective mosquito control. Convenient global travel and changes in the weather patterns have helped in expansion of the habitat range of the mosquito vector. [2] DF is characterized by the sudden onset of acute febrile illness consisting of high-grade fever, severe headache (especially in the retro-orbital area), arthralgia, myalgia, nausea, vomiting, and rash lasting approximately 2-7 days. Infants and younger children tend to present with an undifferentiated febrile disease, often with rash. The primary pathophysiology seen in DHF is an acute increase in vascular permeability leading to leakage of plasma into the extravascular compartment, resulting in hemoconcentration and decreased blood pressure. Decline in platelet count tends to precede plasma leakage, and therefore, platelet counts and packed cell volume are often used to monitor for impending deterioration. [3] Severe plasma leakage results in prolonged shock, accompanied by metabolic acidosis, which in turn precipitates disseminated intravenous coagulation. There are no specific drugs against the dengue virus, and therefore, treatment is mainly symptomatic and supportive. Proper management of fluid balance is the basic requirement. DSS is a medical emergency associated with a very high mortality. Massive hemorrhages in DHF/DSS usually require intensive blood components transfusion support, but early identification of the plasma leakage phase with prompt resuscitation reduces complications and improves outcome. [2] The bleeding manifestations in dengue are caused by vasculopathy, thrombocytopenia, platelet dysfunction, and coagulopathy. [4, 5] The decision to transfuse platelets is based on several factors including estimation of platelet count and function, cause of thrombocytopenia, the status of coagulation system, the presence or likelihood of bleeding, presence of other high-risk factors such as diabetes, elderly/pediatric age group, and hemophilia. Thrombocytopenia in dengue is multifactorial. In the early stage, bone marrow hypocellularity followed later by immune-mediated destruction of platelets is proposed as the mechanisms for thrombocytopenia. [4] Immune-mediated destruction of platelets in DF may lead to refractoriness, poor, or short-term response to platelet transfusions.
Study aim
The aim of this study was to study the effect of introduction of single-donor apheresis platelets (SDAPs) on dengue management. Patient profile and overall impact of this transfusion support on further requirement of platelet transfusions, length of stay, and cost of stay in hospital were studied.
Materials and Methods
This was a retrospective study conducted on clinically suspected cases of dengue infection attending the inpatient department of a teaching hospital of North India, between August 2013 and December 2015.
According to specific inclusion criteria, 622 clinically suspected patients with fever (presenting within 5-7 days of onset with body temperature above 100°F at the time of blood sample collection) and fulfilling the case definition criteria of DF/DHF/DSS of WHO and who also received platelet transfusions were included in this study. [6] 
Statistical analysis
Clinical data, reports of hematological investigation, transfusion request forms, platelets requirements, and data obtained from daily follow-up and blood bank records were analyzed using IBM SPSS version 20 (IBM Corp, Armonk, NY).
Results
Six hundred and twenty-two dengue patients admitted between August 2013 and December 2015 received platelet transfusions, i.e., 364 patients received platelet transfusions in the year 2013 and 258 in the year 2015. All the dengue patients were divided into five age groups, i.e., <15 years, 16-30 years, 31-45 years, 46-60 years, and >61 years. The largest number of patients was from the 31-45 years age group. The youngest patient was 4 years old and the oldest was 86 years old [ Table 1 ]. There was no significant difference between number of random donor platelets (RDPs) transfused with respect to these age groups (P = 0.5), but the mean number of RDP transfused was maximum in patients <15 years of age (5.9).
Out of the total 622 patients, 452 were male and 170 were female. Average number of RDP units transfused to male RDP=Random donor platelet platelet transfusions in 2015 were divided into three major groups depending on the type of platelet transfusions received, i.e., those receiving RDP only (Group 1), those receiving RDP and SDAP both (Group 2), and those receiving SDAP only (Group 3). Platelet count at the time of initiation of platelet transfusions was calculated in these three transfusion groups and the difference was highly significant (P < 0.001). On applying post hoc test, least significant difference (LSD), there was significant difference in the platelet count at the time of initiation of platelet transfusions between Group 1 and 2 (P < 0.01) and Group 1 and 3 (P = 0.024) though there was no significant difference between Groups 2 and 3 (P = 0.47). Average platelet count at which platelet transfusion initiated was 25,703/cumm. Average number of RDP units transfused in 2013 was 5.4 and 4.3 in 2015 and this difference was highly significant (P < 0.01) which was probably due to the reason that in 2015, SDAPs were also transfused to patients with lower platelet count and those with additional high-risk factors. The average rise in platelet count after SDAP transfusions was 46,040/cumm [ Table 3 ].
Length of stay and total cost of stay in hospital were calculated among these three groups. Mean length of stay in hospital was similar for those receiving RDP only (Group 1) and those receiving RDP and SDAP both (Group 2), i.e., 5.48 versus 5.54, respectively, while that for SDAP only (Group 3) was quite lower 3.6 [ Table 3 ]. When we compare these three transfusion groups together using ANOVA test, there was no significant difference between length of stay in hospital (P = 0.10), but on applying post hoc test (LSD), there was significant difference between length of stay between RDP (Group 1) and SDP group (Group 3) (P = 0.037). Average cost (Indian rupee) of treatment and stay among these three groups (1, 2, and 3) was Rs. 18,565, Rs. 28,689, and Rs. 24,512, respectively [ Table 3 ]. On applying ANOVA test, the difference in the cost was highly significant (P < 0.001). Furthermore, on applying post hoc test (LSD), there was significant difference in the cost between Group 1 and 2 (P < 0.001) and Group 1 and 3 (P = 0.002) while there was only mild significant difference between Group 2 and 3 (P = 0.059). It can be concluded from these findings that transfusion of SDP increases the total cost for patient, but it also significantly reduces the length of stay in hospital.
patients (mean value = 5.16) was higher as compared to female patients (mean value = 4.56) and as P = 0.03, this difference was statistically significant.
A total of 188 (30.3%) patients received platelet transfusions at platelet count <20,000/cumm and 385 (61.9%) at 21,000-40,000/cumm. Due to the presence of additional risk factors (such as diabetes, hypertension, elderly/pediatric age group, liver disease), 49 (7.9%) patients received platelet transfusions at platelet count >41,000/cumm [ Table 2 ]. None of the patients received platelet transfusion at platelet count >100,000/cumm, and neither any of the admitted patients died during hospitalization (mortality being 0%).
Patients were divided into four groups depending on their platelet count (<10,000, 11,000-20,000, 21,000-40,000, >41,000/cumm each) at the initiation of transfusions and the average number of RDP transfused in each group was calculated. From this grouping, those patients receiving SDAP only were excluded from the study.
There was a significant association between platelet count and the number of RDP received. On applying Chi-square test (Chi-square value was 111), P < 0.001 which was highly significant indicating that lower the platelet count, more will be the requirement for platelet transfusions [ Table 2 ]. Furthermore, there was a significant difference between these four groups with respect to the number of RDP used on applying one-way ANOVA test (P < 0.001) supporting the fact that as the platelet count dropped, the requirement for platelet transfusions increased proportionately.
SDAPs were introduced during second dengue outbreak, i.e., in 2015. Dengue patients admitted and receiving 
Discussion
Most of dengue cases were clinically indistinguishable from other febrile illnesses and could be missed lacking the clinical suspicion and timely diagnosis. [7] In most countries, dengue epidemics are reported to occur during the warm, humid, and rainy seasons, which favor abundant mosquito growth and shorten the extrinsic incubation period as well. [8, 9] The present study also focused on two consecutive dengue epidemics in the year 2013 and 2015, both of which started during the beginning of monsoon season of North India and ended with the beginning of winter season. Dengue is a viral hemorrhagic fever (VHF) and there is a need to develop standardized clinical protocols for the VHF clinical case management that integrate infection control measures with comprehensive care for patients. [10] During explosive outbreaks of dengue, there is sudden surge in demands of platelet products. [11] High-risk patients having platelet count <20,000/cumm with risk of bleeding require prophylactic platelet transfusion and those with platelet count between 21,000 and 40,000/cumm are in moderate risk and require platelet transfusion only if they have any hemorrhagic manifestation and other superadded conditions. [12] With a defensive approach in the present study, maximum numbers of transfusions were initiated at platelet counts of 21,000-40,000/cumm (61.9%) which was a moderate risk category, and probably, this was the reason for zero mortality at our hospital.
Although DHF is primarily an illness of children, surveillance studies in recent years in several countries have reported increasing age among infected patients. [13, 14] The present study also supported the recent trend of increasing age as maximum number of patients was in the age group of 31-45 years (32.6%) and only 2.1% patients were younger than 15 years. However, the severity of illness was more among children <15 years as indicated by the mean number of RDP transfused was maximum in this age group (5.9), and thus, it was one of the high-risk groups for dengue patients.
Managing a severe dengue infection is a challenge, especially when complicated by other comorbidities. Host factors such as extremes of age, female sex, ethnicity, and comorbidities such as diabetes and hypertension are associated with severe disease. [15, 16] In the present study, maximum number of platelet transfusions received was associated with pediatric age group (5.9) and male sex (5.19) . Platelet transfusions in few cases with associated comorbid illnesses (7.9%) were initiated at higher platelet counts even at >41,000/cumm. This approach reduced the patient suffering and prevented mortality in the present study. As mentioned by the WHO Fact Sheet 2008, when adequately treated, the mortality rate for DHF can be as low as 1%; however, if untreated, it can exceed 20%. [17] Therefore, there is a need for the development of specific guidelines for transfusion of blood components, constant interaction and coordination among clinicians and transfusion specialists, and a regular medical audit to review the optimal utilization of blood components during such hemorrhagic outbreaks. [18] Extensive consumption of blood components, especially platelet products, during DF outbreaks depletes the inventory of blood centers. Further, lack of knowledge, absence of evidence-based guidelines, and panic-like situation lead to flooding of transfusion services with blood and component requests. [19] Many times, the prescription for blood components is not based on medical rationale, but as a response to an intense social pressure on the treating physicians by the patients and their relatives. [12] This "syndrome" of chasing platelet count in dengue patients who were otherwise completely asymptomatic and improving was labeled as "Dengue panic syndrome" by Ahluwalia et al. The most untoward effect of this syndrome is sudden surge in platelet transfusion requisitions based only on platelet counts. [11, 20] In a randomized controlled trial by Khan et al., almost half the patients showed no response to a high-dose platelet transfusion. Platelet transfusion did not prevent development of severe bleeding or shorten time to cessation of bleeding and was associated with significant side effects. [21] On the contrary, Jayashree et al. study concluded that a recovery from thrombocytopenia was associated with clinical improvement while further fall in platelet counts was associated with fatality. [22] The present study also supported the findings of Jayashree et al. and Murali Mohan et al. that timely platelets transfusions in cases of DHF and DSS helped prevent severe hemorrhagic complications. [22, 23] It was quite evident that transfusion of high-dose platelets (SDAP) at the initiation of transfusion therapy compared to low-dose platelets (RDP) reduced the need to repeatedly transfuse RDP, fasten the recovery, and thus reduced the length of stay in hospital (5.48 vs. 3.68) but increased the overall cost of stay and treatment (P = 0.002). Group 2 patients who received RDP and SDAP both due to certain reasons such as nonavailability of donor suitable for apheresis donation or financial constraints at the beginning of the treatment in spite of lower platelet count (mean 20,562/cumm) and therefore, initially received RDP but later were transfused SDAP for continuously lowering platelet count or hemorrhagic complications. In these patients, the total length of stay (5.54) and cost of stay and total number of platelet transfusions received were more compared to Group 3 and 1 which supported the fact that high-dose platelet transfusions are much beneficial than repeated low-dose platelet transfusions in high-risk groups.
There are certain limitations of apheresis procedure (SDAP). It requires a donor who should meet the criteria required for the procedure and also a special kit that cannot be afforded by those with poor financial backgrounds. [24] Due to the high cost and more technical expertise required, SDAP must be recommended to selected patients either when platelet-rich plasma and platelet concentrates (buffy coat-pooled platelets) in adequate doses are not available in the inventory. [25] Due to the similar reasons in the present study, SDAPs were transfused to those patients who had a very low platelet count, had superimposed risk factors for bleeding, and had the affordability for this procedure. Transfusion of SDAP in these patients resulted with significant positive findings such as immediate and sustained rise in platelet count (average increase of 46,040/cumm); shortening of total length of stay in hospital and early recovery; lower or no requirement of RDP; minimum exposure to multiple donors; and thus reduced risk of transfusion transmitted diseases and adverse transfusion reactions (such as allergic, transfusion-associated circulatory overload, transfusion-related acute lung injury). Moreover, the biggest advantage was that overall mortality among dengue patients was zero.
Conclusion
Inappropriate platelet transfusions during dengue outbreak is a widely reported concept in literature, but demarcation of appropriate transfusion is a very challenging job when dealing with such a fatal but curable disease if appropriately managed. Hence, providing high-dose platelets such as SDAPs to dengue patients at appropriate stage (constantly falling or very low platelet count, hemorrhagic complications, superadded risk factors) can reduce further requirement of platelet transfusions, fasten the recovery, reduce the hospital stay, lower the risk of transfusion-associated adverse reactions and thus, lowering the overall associated morbidity and mortality.
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